Type 2 diabetes mellitus (DM) has been shown to be a risk factor for the development of Alzheimer's disease (AD) and vascular dementia (VaD). In addition to AD and VaD, there may be a dementia subgroup associated with specific DM-related factors rather than with AD pathology or vascular diseases. This type of dementia, not showing hypoperfusion in the parietotemporal lobe on single photon emission CT or cerebrovascular lesions on magnetic resonance imaging, is characterized by high hemoglobin A 1c level, long duration of diabetes, high frequency of insulin therapy, low frequency of apolipoprotein E4 carrier, less severe medial temporal lobe atrophy, impaired attention and executive function, less impaired word recall, and slow progression of cognitive impairment, and might be referred to as diabetes-related dementia [1, 2] . This subtype of dementia accounts for at least 10% of all patients with dementia associated with DM. They often showed negative or equivocal amyloid accumulation in the brain on 11 C-Pittsburgh compound-B (PiB) positron emission tomography (PET) [2] . These findings suggest that underlying neuropathology in diabetesrelated dementia is not associated with AD pathologic changes, particularly amyloid pathology. In the present study, we analyzed cerebrospinal fluid (CSF) in individuals with diabetes-related dementia and those with AD and compared levels of phosphorylated tau (P-tau), β-amyloid 40 (Aβ40), and β-amyloid 42 (Aβ42).
was obtained from all subjects or their relatives. This study was approved by the ethics committee of Tokyo Medical University.
There were no significant differences in age (78.8 ± 10.3 years in controls, 81.2 ± 7.5 years in diabetes-related dementia, and 77.9 ± 7.6 years in AD), gender (8 men and 10 women in controls, 3 men and 8 women in diabetes-related dementia, and 16 men and 23 women in AD), and education (13.1 ± 4.2 years in controls, 13.2 ± 3.0 years in diabetes-related dementia, and 12.7 ± 2.5 years in AD) among the three groups. MMSE scores in the AD group and the diabetes-related dementia group were significantly lower than those in the control group (26.6 ± 4.3 in controls, 21.8 ± 3.1 in diabetes-related dementia, and 20.3 ± 5.1 in AD; control vs. diabetes-related dementia, p < 0.0001; control vs. AD, p < 0.0001), but no significant differences in MMSE scores and duration of dementia were found between the AD group and the diabetes-related dementia group (3.4 ± 1.0 years in diabetes-related dementia and 3.5 ± 1.5 years in AD). Fig. 1 shows CSF P-tau, Aβ40, and Aβ42 levels among the three groups. CSF P-tau levels were significantly higher in the AD group than in the control group and the diabetes-related dementia group. P-tau levels in the diabetes-related dementia group were in-between the AD group and the control group, but showed no significant differences between the control group and the diabetes-related dementia group. Although there were no significant differences in Aβ40 levels among the groups, Aβ42 levels were significantly lower in the AD group than in the control group and the diabetes-related dementia group. No significant differences in Aβ40 and Aβ42 levels were found between the diabetes-related dementia group and the control group.
The combination of high P-tau and low Aβ42 levels in the CSF can predict the presence of AD pathology with high accuracy [6] . We found that individuals with diabetes-related dementia showed different P-tau and Aβ42 levels from those with AD. These findings suggest that diabetes-related dementia involves different pathophysiology from AD histopathological features. Diabetes-related dementia is not suggestive of a particular underlying neuropathology, but merely describes a dementia state predominantly associated with DM-related metabolic abnormalities rather than AD or vascular pathology. Therefore, diabetes-related dementia seems to be a heterogeneous disease. In our preliminary tau PET study, most patients with diabetes-related dementia showed accumulation of 11 C-pyridinyl-butadienyl-benzothiazole 3 (PBB3) [7] in the brain, including the medial temporal lobe, suggesting tau deposition in the brain (unpublished data). Although we have no autopsy data, diabetes-related dementia may be associated with tauopathy, such as senile dementia of the neurofibrillary tangle type [8] or primary age-related tauopathy (PART) [9] , and nonspecific neuronal damage due to glucose toxicity. The present CSF study seems to be consistent with our amyloid and tau PET findings. Subjects with diabetes-related dementia have often been misdiagnosed as having AD. However, this type of dementia is apparently different from AD in terms of clinical features, clinical course, underlying pathophysiology, treatment, and care. Although the control group includes some patients with neurological diseases affecting CSF findings, we conclude that CSF analysis may be useful for the differentiation of diabetes-related dementia from AD. Further studies with pathological confirmation are needed to confirm our results.
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